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ABSTRACT _

Scierice Anxiety.f An’ Investigaticﬁ of Science Achievement,
Sex and Grade Level Factors

Charlene Czerniak & Leigh Chiarelott

This study reviews the 1iterature on science anxiety related to

factors such as sex,iinteiiectuai capacity, achievement, attitudes;

etc. To measure science anxiety; an instrument was’ deveioped by the

researchers, piiot tested on students in grades five and seven 1n the

Bowling Green (OH) School District; and administered in final form to

532 fourth; sixth; eighth and ninth graders: ANOVA; MANOVA, and

ANCOVA statistical analyses were done on the data. Among the major
findings were the following: (1) feelings; particularly anxiety,

toward science and science-related topics; are significantly .
sex-related; (2) females- at grade four already display more anxiety .

toward science than do males; (3{_for thi: study, science anxiety did”

one might speculate that teachers attitudes affect feelings toward
science; and (5) significant differences on science achievement in
relation to science anxiety were seen with highflevels of science
anxiety correlating with low science achievément scores.
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Introduction

a simiiar surge in the lite 1950's, has raised important issues as to

why American students have tiurned away from the study of science in

elementary and secondary schools. Concerns have been raised regarding
declining enrollments in upper level (chemistry and physics) science

courses, particularly among women, the decline of interest in pursuing

seience-related careers, the reluctance, and somet imes even fear,

f15511§; aﬁa perliaps most important from a nag%anal priority
standpoint, the decline in science-related standardized test scores.

Related research in the area of math anxiety has Braﬁided some
revealing data that point to a similar phenomenon in the study of
science: Given the concerns expressed aboié; and the research on math
anxiety; it is conceivable that a link exists between sclence anxiety
and such factors as ;éx, grade Lovel, and achievesent. Thns; this

anxiety) and determine its association with ‘he factors enumerated
-

above,; This will be accomplished in two ways: (1) through a review
of research and related literature on science anxiety; and {2) through
an original study on tné réiatibnsﬁip of science anxiety to sex, grédé

level and achievement 5h6ng fourth, sixth, eighth and ninth graders.
The seccnd part of the study will include the development of an

instrument to measure science anxiety among intermediate and middle -

grade students (see Appendix A). ’ .
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The Phienomenon of

one's sense of security. The things that cause anxiety are often
fears that are only imagined (Rnarnes; 1980). However, anxiety real
or iﬁagiﬁed; can.be a debilitating state for -an iﬁdividﬁai; Anxiety

Maliow (1981) in his book, Science Anxiety: Fear of

How to Overcome It, discussed science anxiety quite thoroughly. He
stated that when we speak of "science anxiety,” we mean the general

fear or aversion by students and society toward science concepts,

‘scient1sts; and seiené?-reiéted activities as a whole.

students as well as in society in'éeneral. Science anxiety was
believed to cause many individuals numerous ﬁrbbléﬁé in learniﬁg
science. Mallow (1981) claimed that science anxiety was reflected in
a variety of ways, both physical éﬁd.ﬁéyéhéibgiCéi. Physically,
students had sweaty palms, upset stomachs; ﬁéédécﬁéé, and rasheéi

Psychologically, students dispiayed tension and nervousnéaa by tapping

feet, chewing nails, becoming distracted; pulling at hair, etc.

réﬁéatéd bad experiences, find confrontation-with science a

~

di étaé'éful experience. They tend to become frustrated, avoid

anvthing scientific: In fact, Maliow ¢1981) suggested_that a .ﬂ



widespread consequence of math ahd sclence avoidance is the widespread
avoidance of anything quantitative.

Mallow (1981) concluded that anxiety toward science was being
refiected by dropping enrollments in sclence classes in the United
States. Once in classes, students displayed fear of sciente labs;
.'_miéétiiféé, and tests. Students hesitated:to ask questions; seemed to
fear participation in iat sétti%gs; and froze on tests. Many students
reported feeling dumb and unable to comprehend science. ﬂélldﬁ éiééi)

achIevement scores. e

The ex1stence of science agxiety in some individuals seems to be

and college age. Science éﬁiiéty clinics set up at stiaag
institutions have reported that the proportion of femaie applicants is
considerably higher than that of males. At toyoia University of
Chicago; for eiéﬁpie; two-thirds of the applicants to a science
anxiety clinic were women.

The relatlonships between sex and achievement; intellectual
capacity and’ attitudes toward scieﬁce are iﬁpé?tEﬁt to this stﬁdy in
order to view the emergence of sclence anxiety iﬁ"éaﬁtéit; In the

second part of the stﬁay, the existence of science anxiety among

age levels will be critical to the conclusions drawn regarding science-

- .-




Science Anxiety and Achievement

Using studies of mean scores of boys and giris on science tests

-

such as the International Association for the Evaiuation of

Educational Achievement (IEA) surveys, Comber and Keeves (1973)

(1]

reported sex differences in science achievement in nineteen different

countries,; three different age groups, and four different areas of
science: They also have shown that boys did better than girls in
;ﬁééEii all areas aﬁa tﬁat sex differences were larger for Bi&éE ;

bave Eéinféréea éanéiﬁéiﬁné that Beys‘ achievement E&é'ﬁiéﬁéiétﬁan

°
@

* ‘ level:. The National Assessment of Educational Progress (1975) and

2

Shaycoft, et al, (1963) showed these sex differences were also more
obvious in physical science than biological science:. These two
éiﬁaiéé did not take into account, however, that fewer §1§i§ were
iiﬁei§ to enroll in science. They looked only ‘at scores between boys
and girls who vere in science courses. Comber and Keeves (1973)
shoyed that in aliost all countries, the sex difference was highest in
physics, gaaiiégt in biology, with chemistry falling somewhere in the
middie:
A few studies have presented data on high achievers in science.

‘keiiy (1978) summarized studies that showed the higher the achievement
considered; the greater the discrepan;y between sexes. Studies of
high achievement in science in the United States have also EéVéaiéa
marked sex differences (Hansen and Neujahr, 1974; Keating and Stanley;

1972).

!
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Achievement scores for sclence in early grades.wexe reportedly

B

(Afkeri, 1971; Fenmema, 1979; Sells, 1978). It was found that women
were less likely to continue science education to the college level. .
On the average, girls did as well as; or slightly better than, boys in
primary grades, hut éi?ié began to fall behind boys #n éébiéétéﬁt

years (Sadker and Sadker; 1974): A review edited by Thorsten Husen in

science were a factor for gif—iéi dislike of and diffieulty with
scienice (Kelly, 1978). Fennema (1974) suggested the same reasons for
low mathematical achievement - its association with science. Kelly

(1978) reviewed studies that suggested girls disliked math because of

mathematical assoclation. Therefore, no valid correlations could be

fiade; both subjects were blamed for anxiety because of their
relationship with the other. .
;" Many researchers have attempted to explain the sex-related

- -
@

differences in school achlevement;, and numerous reasons have been

suggested. The most complete review of rescarch on sex differences 1s

srobably Maccoby and Jacklin's (1974) book, The Psychology of Sex ;

Differences. These two authors reviewed 1,600 studies published

between 1966 and 1973 to try to distinguish between factual and
mythical reasons for sex differences in schocl achievement. 7The . B
~S

[
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6 .
assumed - often as a result of seleetive reporting. They did :aaa -
that; on the a&e;agé; girls hé§é gréatér verbal ability than boys; and
boys tend to have greater numerical and gpatial abilities than girls.

Girls were also usually less aggressive than boys. However; on BEEEE
ﬁ&iﬁié; the authors did not féaeﬁ‘firﬁ conclusions. - .

Since sex differences in science achievement have been shown, it

has sometimes been suggested that\boys may have a greater iuteiiectuai

capacity for science. Boys generally did better than girls on tests
_ l .

such as numerical; mechanical, and §r6blém solving. However, studies

S . i - e

found numerical ability was not related to science achievement, and

mechanical experiences (Kelly, 1978). Girls' §erfbrmance on pfﬁhiéﬁ

sblving tests seemed taf%epend upon the type and content of the' 7
pfabiEEé (Milton, i§5é§ﬂStrasshérg:idséhherg and Donlon, 1975). Siﬁéé ‘ ’
such conflicting studies existed, valid conclusions could not be made
regarding these twe areas. ' :
Girls did tend to score higher on verbal tests (ﬁaccuby and
. .jackiin; 1974) and ﬁahﬁal dexterity (Oetzel, 1966). However; these -
: abilities vere mot éhﬁviﬁéiﬁgiy demonstrated to be connected with

Men did score higher on tests of spatial abiiity (Maccoby and ¢

~

Jacklin, 1974): The fact that scientists, especially thSIcal

.

‘scientists; often need to possess thé ability to manipulate objects in

their minds is a reascnable assumptiop for the need to possess upatial

’

ability5 Phy51cai scientists have been shown to often have greater

ES
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scientists (Chiid and -Smithers, 1971; Hudson, 19663 Roe, 1953)

Throughout school boys did better on spatial tests which "
éﬁggested boys were more analytical, Girls tendel to be more
“glasal—“ more influenced by all elements togeth r. Thus, girls'
cognitive abilitiéé seem to have deveioped differently, and they -

éntered adolescerice with a style of thinking less apprOpriete to

e e e e e e e

scientific work (Rossi, 19653 kenner;‘1976)—
Wwitkin (1973) concentrated on analytical thinkiag as opposed to

global thinking, and the relationship between field dependence,

§ﬁBjeétﬁéhoiCE, and sex. He discovered that men were more analytiCEi.

than women. This was also confirmed by Maccoby and Jacklin (1974) and

Oetzel (1966). These authors also confirmed that scientists were more.
p N .

analytical than artists. Maccoby and Jacklin (1974), however, found
that a spatial ;onponent was present in most commonly used énaiyticai .
tests; and that sex differences in éﬁéi;tii;iwtﬁinkingmﬁéi“Be'entiieii"
accounted for by this component. |

Many Stﬁdi6§, as summarized by Maccoby (1970) sugfested that

child feéfing ptéCtices may affect I.Q. Girls, with less ovértly

affectionate and less nurturant ‘mothers in pre-school years ‘tended to
féjééé the female. sex-role. Mas;uiine sex-role identification was
zssociated wlqEKgrosiém solving ability. Childrén with high verbal
4bility tended to have mothers who helped them with tasks; were i
iﬁE?ﬁéive,fdenanding and protective: eﬁiiéiéﬁ with higﬁ spétiéi or

&

worked with pﬁySieéi things retﬁet than people. Carlsmith (1964)

found boys with fathers absent during early childhood became more
. . \
y
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verbal. Furthermore; girls who became scientists, often associated
with their fathers. ' ;
The origin-of sex differences in spatial ability is not clearly

understood. Some researchers suggested a genetic iiﬁk (Sherman,
1977). gtudies, however, by DeFries, et al, (1976) did not show a
i ‘ )
genetic correlation. Sherman (1977) reviewed biological theories of
'/

sex diffe rences in cngqitive functions and Concluded that the o

PSRRI BRI e e Hee )

”.sﬁggéstéd sex linked genetic basis to Spatial ability has been
dispfovéd Evidence from comparisons of hormonal levels were also

lacking, but were stilt_being researched further.

Kelly (1978) stated,

Nevertheless, deficience in spatial ability cannotp

completely account for girls' poor performance in physical

science. Even if spatial ability and science _achievement

Vere perfectly correlated; a.sex difference of 0.4 of a _

standard deviation in spatial ability could not account for
a sex difference of 0.6 of a standard deviation in physics.

achievement. But of course spatial. ablility and science “

achievement are not perfectly correlated. From the observed

correlations of :6 to :7; sex differences of O. 2 to 0.3 of a

standard deviation in physics achievement might be

predicted but that still leaves a substantial unexplained
residue. (p. 9) . -

languag '\while boys performed better than girls in sclernice subjects
(Relly, 1978) It was aiso found that; "Girls and boys gained similar
grades in science examinatIons but that girls attempting sclence ~

§ﬁbjé¢te were a\more selected group; with higher verbal ability scores

than the boys attempt;ng science snbjects." (p. 11) Kelly thus y

conclﬁdéd, "The sex difference in performance relative to verbal
ability was_codsistently in favor of boys in chemistry, variable in
biology, and cofisistedtiy in favor of girls in languages." (5. 11)
Walberg (1969) has shown simiiar reshlts in the ﬁnitédwﬁtates‘among.

,
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students taking optional physics courses. It was discovered that
girls did better on 1.Q. testsi but:boys 'did better on physics
achievement tests. L

Some researchers have suggested that the possible success of

girié in Sibi%gicai sclence was due to the way it was taught.
Bialagieai aciéﬁcé has traditionally bgen taught by more verbal means

.n

ability - a bias which would tend to match with girls sacially

e

dé%élbﬁéd, as 6§§6§éd ta,seiéiiﬁiéa; abilities (Kelly, iéié) .

thinking ét?lés. Hudson (1966) expressed differences between
scientists and artists in terms of convergent ‘thinking. Sclentists
seemed to be more convergent thinkers “ind artists seemed to be more
divergent thinkers. A major flaw in this work; however, is that it
was firétédené on boys and this distinction has ﬁas ci;atiy been
déﬁ&ﬁétréted for girls (ﬁrepiey\and Fieid, 1968; Field and Cropley,
1969; Hudson, 1968). Maccoby and Jacklin €1974) and Oetzel (1966)

found that whether girls were more convergent than boys, or vice

versa, seeried to depend entirely upon the type of test used.

between science.achievement and reaching Piaget s formal operations

stage of concept development. Field and Cféﬁié& €1969) linked concept

“development to sex differences in science achievement. ' Studies in

England found that the Nuffield "o" syllabi for chemistry had a

conceptual level higher than most students that age could understand.

They found that girls in particular resented the course ‘and
experienced acute anxiety. The girls were also more discouraged by

-

12
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failure in the course (Relly, 1978). Other writers have found no
connection: between stage of concept déiiéiéﬁﬁéﬁtiﬁ& science
. . achievement. (Lawson, 1976; Maccoby and Jacklin, 1974) ; '

Science sAnxiety.and Attitudes Toward Science

§ o
Different studies have suggested students' atEiEEHEé affect

icEiEGEEéﬁt; Research on attituydes have consistently shown femf{es to
o~

.

have less favorable attitudes towaid science than meles;- Qirls

ﬁﬁaEEiaaiafry disliked physics and chemistry, while biology was favored
. somewhat (Gardne:, 1975; Kelly, 1978): *K A - .

\ _a

' Studies have shown, however, primary age chiidren, both male and o

- A <

@

féﬁaie; fiked science and math. Attitudes about science and math, as ~
_ .| . ‘
;.weii as achievement; in lower gradeS were abont the same (Ernest,

4 . - A ‘.-

Y

(

197 )- By adolescence, girls had begun tu disiike both subJects. By

high schooi, £;rls éﬁisaincompetéhf in science and mathematics ahd

s thought boys ddd pettepn A study of 506 students showed that in

grades nine Eﬁf§ﬁ§ﬁ i«éivé, 32 per cent believed sa§§ did better than

.

1975): - , - _

+ Purthermore, studies found that when surveying boys' ' and girls',

. -

v N~ A . ;
; ' . overwheimingly considereé a male category. Bioiogy was slightly
: E imiiar - whereas;* math, physics, and engineering were highly
& masculine (kelly, ié?gsc_ '
© i Bioiogy was considered ﬁq:turative éﬁ& concerned with pe0p1e -
. medicine served as ‘an examplé. Kelly (1978) -and Rossi {1965) found
.giris didfﬁot reject science careers iﬁ Eé&i&iﬁé because they ceemed )
o ﬁﬁféﬁiﬁiﬁé, ﬁhilé:théi d{gjtejecttsciencg gareers in engineering for

’ " s

v o . ':I FC"_. ] R )

s

;e' . - : e < . | :15?
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the same reason. Girls seemed to perceive science careers as too
demanding apd often feared hostility by male colleagues (Rossi; 1965).

Physics was consistéﬁtiy conisidered by students to be a difficult

b

subject. Kelly fié;és sugges 'ed the reason was that the subject was
of ﬁigﬁ\conceptual level, or it was graded more strictly than other

-

* i

subjects: Bfidéhéﬁ (1972) studied thé effects of.grading practices on 1
physics enrollments and suggested that physics enroliments by girls \

. would rise 80 per cent if the grading procedures and severity were the

same as with other subjects.

fn addition; Ahlgren and Walberg (1973) found that girls worried

about the social problems scierice was capabie of Eéﬂéiﬁg.-.They

worried that science could be abused and felt science neglected human
. . [4 .
;implications. Thésé fééliﬁgé;ﬁéte thought to have been factors that

.

i - -
<

gifted in,science were less interested in it than boys - and less -
i1ikely to go iﬁt6;ééiéﬁ¢é'caréeis; Therefore; iﬁiéuﬁﬁéty;'iﬁtétéété

The 1itéi:étiii:éi in general, seemé to indicate that sex is an ©

important §ériab1e in scieﬁte,anxiety. The relationship between sex
< and intellectual capacity is less ‘elear and aféﬁiﬁé é6ﬁéiﬁéi6ﬁ£

correlating these factors with science apxiety §aﬁia be questionable.
The 1ink between sex and the factors of achievement, science anxiety

and attitudes toward science appears to be stronger; and it could be
concluded that some correlation does exist among these factors. The
iiterature also seems to indicate that sciemce anxiety increases with

-
o
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grade level ind would do so in @ statistically consistent fashion
(i:e:5 would show continuous ascendancy when plotted on a graph).

However; &s will be shown in the following,section, important gaps

stiil exist in this liﬁeEaiure;

‘Problem

Ample evidence has shown that mathematics and science anxiety
exist, but fewer studies have been conducted exclusively on anxiety
toward science. Research that has been conducted came about because

of awareness of success of math anxiety clinics and because of

recognition of the need to reduce science anxiety as well. "Therefore;
4 need to investigate science anxiety alone exists. In spite of the

-

many studies that have been conducted related to écieﬁce anxiety;

several factors still stand out and lack thorough iﬁvestigation. It

would seem that a more careful examination of those factors is

necessary in order to get a more precise picture of the effects of
science anxiety. ;
Research has indicated that-anxiety toward science and math

<

&é%éiaﬁéd somewhere BetveahAﬁfiﬁéf§ grades and high school; but few
studies examined students in the grades where the changes seemed to
take place. Therefore, more research is ﬁééaéa to examine science
anxiety in students between primary grades and high schooi

Studies demonstrated that females were more anxiOU$ toward

science and math in high schooi and college. More regearch is needed

F

t
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is related to achievement in science cleariy exists. Research should

also attempt to aétérﬁiﬁé whether or not achievement in science is
sex-related at younger age levels.
B R
The ﬁfééént study focused specifically on science anxiety to

determine 1evels of anxlety from grades four through nine in

relationship to grade level, sex, and science athievemént: This study
" vas designed to investigate and determine to what degree anxiety

toward science exists at intermediate and junior high age levels

{grades four, six; eight, and nine). .

Sample , :
. The éaﬁ§1e>f6f this study was drawn from fourth; éiifﬁ, eighth;

and ninth graders in the Bowling Gteen School District; Bowling Green, "

Ohio: The subjects in this study represented éEﬁ&%ﬁEé %Eaa a single

school system which may not be representative of all school
populations. In addition, tpe sample was mot ramdom. Due to several
Jaws regulating research involving minors; the sample consisted of
volunteers with parental cbnéént. Therefore, caution is recommended

in generalizing the findings to other populations: The sample of
:students with' parental consent was 532; The sample inciﬁaea‘lié
fourth graders (65 male and 54 female); 129 éiiﬁﬁ graders (52 male and
77 female), 182 eighth graders (80 ﬁale aﬁ& 102 féﬁéié); 55& 102 ninth

—

\'\ -
appro>1mate1y half‘the-tfue_pg ””” tion of grades four, six; eight, and 2

——

nine.

16
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Instrumentation , L
~ o

An existing instrument which was related to’ the pbjectives of

this study could not be fﬁﬁﬁd by the researchers. The first step

employed, therefore, was to design a questionnaire to rate science

anxiety in étﬁ&éﬁﬁé from grades féﬁ; through nine.

Statements for the Science Anxiety Questionnaire were designed to
assess students' levels of anxiety toward science and science-related
topics. The forty statéments were empirically selected to test four -.

. ; .

areas: 1) testing situations, 2) laboratory/experiment situations,
'3) classroom/lecture situations, and 4) :sclence-related situations.

Twelve Likert-type questiuns were devised for each sﬁB:t§§i;
where students ﬁéféé}d»ﬁ?spbﬁd by placing themselves on an étfitﬁdé
continuum for each statement; ranging from "very-calm" to "fairly
calm" to "neutral" to "a little nervous” to ' "sery nervous.” Each
category was giVEh a corresponding weight of 1; 2; 3, 4, or 5. The
words ﬁvéfy calm," “"fairly calm*“ “neutrai,“ “a little.nervous,u and___
“Véfi\ﬁéfv6ﬁéﬁ_ﬁére chosen because 1t was felt that these words
represented the opposite ends of a continuum on anxiety; since anxigty
can be described as nervousness. "

The readability of the questionnaire was determined by the Fry .

Readability Formula (1976): As a result of the formula, the question-
naire was found to have a readability level of 6.2. ’
To determine content and face vaiidity, a total of seven persons

was utilized to evaluate and screen the original instrument. The

ﬁﬁéétiﬁﬁﬁéifé was examined by a teacher of each éféaé level to be
involved in this study and examined by three professors of education

at Bowling Green State University: Each person was asked to examine

17
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difficulties they might notice. ‘ . -

From the validation procedures, several modifications were made

and the resulting forty—eight'item science anxiety questionnaire was
piloted on grades fi@é’éﬁ& seven on a total of fifty students.
Hodifications were made based on the perceptions of these

teachers, and eight questions were eliminated due to difficulty in

~ '

concept 1eve1 for intermediate and junior hign ase tudents.

1ﬁ51 consistency of the science
. o e \ L
anxiety questionnaire was found using the Cro ibach Coefficienc Alpha

To determine reiiabiiity, the in”

Formula. This formnié was agéa on the intendei forty items and the
original forty-eight items. Based on a possible value of .1.00; iﬁé
resulting reliability coefficients were between 0. 925 and 0 958,
depending upon grade level éﬁa sex of students. bele 1 displays the

internal consistency Bcores by sex and érﬁae level obtained on the

questionnaire. Other reliability tests were not employed u;c;;;éﬁiﬁé
pilot sample consisted only of fifty students. A factor analysis was
then computed for the faiey items. The fébtor;anaiysis procedure used
inciudec‘principal component factoring foiiowed by a varimax rotation.A
In tnis\procedure, onIy those factors with eigenvalues exceeding one
wéré‘rétaiﬁea: Six factors were retained b?;this mineigen criterion.
The ‘eigenvalue, % of variance explained, and % of variance explained
by rotated factor pattern are presented in Table II. Table IIl
displays the mean of each factor and the correlation coefficients for

each féctor; Onlv factors Oneatﬁrough four were used since. these
factors accounted for most of the.variance among items. The rotation

factor matrix was used to determine the degree to which each of the

o . ) .
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forty items loaded on each factor. Only those iteﬁs having a loed1ng

value at or above .38 were considered.

. This process resulted in identifying fourteen items for factor e
one, nine items for factor two; eight items for factor three; nine

iteiis for factor four; two items for factor five, and two items for

factor six. Because of the small number of items iﬁ'facters five ang\\ .
gix, they were collapsed into the four other factors on the basis of ;*\g
BN

similar item content. An examination of the content of the fourteen

items for factor one tndtcatg% the. common characterlstic that they

i

principles. . | .
The Comprshensive Test of Basic Skills (CTBS) (CTB/McGraw-Hill,

1982) was the instrument used in this study to compare science anxiety
with science achievement. The CTBS is a series 6f norm-referenced,
critérib’ﬁ—referenced; ob_-;eétii%é%lﬁéééa tests for K-12. The instrument .

was designed to meature achievement in basic skills commonly found in
school cﬁrricﬁief~

To achieve the objectives of this study, the research design was
6rgaﬁized to test the faiiaéiHE major ﬁﬁii ﬁ?ﬁbtﬁeses:

dimensions, there is mo significant difference in level ef science

anxiety shewﬁ between males and- females. :
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- 2) For overall science anxiety, as measured by the four factor

&iﬁénéians; there is no significant difference between grade levels.

3) For overall scierce anxiet?, as measured by the four factor
_dimensions; thére is no significant relationship between science

anxiety and sclence achieVement.

15) There 1s no significant difference in level of science

;W
anxiety on the variable, testing; shown between males and females. '
1b) There is nopsignificant difference in level of science
“anxisty on the variable, direct application of scientific principles,
shown between males and females. ,
lc) There is no significant difference in level of science
~-.... anxiety on the variable, ggneraliappiication of scientific §rinciples,
' shown between males and females. -
i 1d) There 18 no~significant aifféiéﬁéé 15 level of science
\\ \
s anriety on the variable, performance inrfrqnt of others, shbﬁn between— e
\\\.
.
males and females. o o T I .
- - S g T S
2a) There is no significant difference in science anxi ty on the- AR

variable; te&ting, between grade 1eveis;
2b) There i§ no §ignificant difference in science anxiety on the .

variable; direct applicatieniofiscientific principles, between grade

levels.
© 2¢) There 1s fio 2t difference in scignce anxiety on the
ééiéﬁtifié-ﬁriﬁciﬁléé, between grade

o

variable, general

tevels. ’ ’
2&5 There 18§ o significaf t di ffé’enéé in éciéncé aﬁxiéty ori the '

e

4 - : ' " —

- 20;




Hypotheses Testing

To test the eleven null hypotheses, a multivariate analysis of

variance; an énéiysis of variance, the Scheffe method for Biif—iise

differences in overall sciencg‘aniiety among the variabies sex; grade

application of scientific ﬁrinciﬁles; and performance in front of

others) for differences by sex and by grade level.
The Scheffé method of analysis 1s.a statistical method for
palr-wise comparisons when ceii sizes are not equal: Since neither |

[y

grﬁde level hor sex samples were gqual, the Scheffe statistical method
was used to compare scienee aniiety means hy grade level iﬁd sex: The

y 2 - - .

degree. a relationship existed betWeen science anxiety and science

achievement. Since differences on Science achievement conid affect

\\**e scicrice éniiéty means t@ national and local percentiies; VThis

4

’
’cedure provided a closer examination of each variable in relation

7"ce achievement. Differences for a1l tests were determined

1 - . - N

— TR . oo , . : B
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Hypothesis One--Science Anxiety and §

For overa11 science anxiety,fas measured by the four factor

dimensions; there is no significant difference in level of

science anxiety shown between rmales and females.
Findings B

A MANOVA was coﬁputédvfor science anxiety to determine
differences in means for sex/grade, sex, and grade level. Table Iv
displays MANOVA resuits for these factors; ﬁipétﬁééié one was |

of .05: It was concluded that differences im science anxiety did
exist between Sexés. -
Fur ther anéiysis of each variabie (téséiﬁé; &iEéEE'apﬁiiééiiaﬁ of

‘ -

(ANOVA) revealed differéneés in means for sexes existed on all factors

but one; the general application of scientific principies. Results: of

7777777777777 \\; -

the ANOVA for each factor are displayed in Tabie v. o
At the univariate level, the variabie, direct applf"hgion of

scientxfic principles, was sigxificant for sex interacted with grade

ievei; Since, however, there was no Significant interaction between

sE§’and gfaaé level at the ﬁultivariate level; the standard procedure

is not to consider the interaction at the univariate 1eve1.

Therefore, sex interacted with"grade levei was not taken into :

-

consideration in subsequent statistical anaiyses.

ﬁypothesis one (a) Testingiby—sex

!\ o

*  This hypOthesis was rejected because the probability level was .

iess than the type 1 error of .05.
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~

Hypothesis one (b) Direct application of scientific primciples by sex

This hypothesis was rejected because the probability level was

less than the type 1 error of .05,

This h?ﬁbthééié was not rejected.because the probability level

- was greater than the type 1 error of es.

This hyp- thesis was rejected because Eﬁé'ﬁfasébility level was
_ 1less than the type I error of .05. , ‘

1t was concluded that differences in means between sexes did
exist. - The Scheffe methr for pair-wise comparisons was then used to
compare science anxiety means and to aéEéfﬁiﬁé'wﬁiéh group had higher
means. Results of the §cﬁeffe.f6f SGEf&ii’aifféﬁﬁﬁééé in science

an:iety ﬁéég; by sex are shown in Table VI: Females were shown to -

display more overall science anxiety than males. . _

The Scheffe method for palr-wise comparisons was also used for.
each variag?é to compare science anxiety means and to detérmine which

group had higher means. The level of significance used was .05.

Results of the écﬁéffe test for each variable are Qisplayed in ' y

‘Table VII. - . " ~ ‘ : .

. : 5

'féjéhtéa because the prabaﬁiiiii_i&@éi was less than the type .I error.
of .05. Further analysis of each of the four variableé using an
analysis 6f;V§ri§ﬁce (ANOVA) showed d£¥£§fences on anxiety for sex on. P
all féCtth but one,..general application Eé;Séjéhtific principles.

| Hypothesis one (a);‘éﬁe.(B); and SEé'(a§ ﬁéfé_féjécté& because the

o N P -
[N N s o
-«i?i?~wra“:u e
Gam e
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anxiety for grade 1eve1s did exist. (See Tabie Iv.) Therefore, o

21

v

probability levelﬁyas less than the type I error of .05. Hypothesis

one (c) was not féjéctéd because the probability level was greater

than the type I error of .05. It é&é Eoﬁciﬁdeﬁ that differences in
science anxiety means between sexes did exist on a11 factons but one,

.

Scheffe tests displayed that females exhibited more anxiety than males

for overall science anxiety and for all variables but one, the general

. application of scientific princigf, :

Hypcthesis two ~ Science Anxietyeenﬂeﬁrade,tevel

fevels:

o

The ;MANOYA test showed that “differences in overa11 science

-

!

hypothesis two was rejected .because the probability.level was less

than the type I errotr of .03. ; '

scientific ﬁiinciﬁles. geueral appiication of scientific principles,

~and performance in front of others) using an anaiysis of variance -

- - i . ‘

(ﬁNOVA) revealed differences in means for grade levels on all

[

variabies: _(See:Table V.) Therefore, hypothesie two (a) Testing by

L%
grade level, hypothesis two (b) Direct appiication of scientific

principles by grade level, hypothesis two (c) General application of ,

scientific principles by grade level’ ‘and hypothesis two (d)

because the ﬁtohahiiity level was less than the type I error of .05.

It was conélﬁaed that differences in'science anxiety means between .

I
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grade levels did exist on overall scierice anxiety and on all
variables. Therefore, the Scheffe test, usiﬁg an alpha ievel of

‘significance of .05, demonstrated that science anxiety did not .. -

’

increase by gwade level as suggeste&lin the literature. Instead, the

)”77 o o o . ,Lf —_——— - - — - S ol
Scheffe test (see Table VIII) §h6§éd;that the fourth grade was more
l

-

)
anxiety.

= . : .
g -;fhe Scheffe method sfof pair-wise comparisons was also.used for
each variable to compare science-anxiety\means»and to determine “hich
group had higher means. iﬁé'iévai;af significance used was alpha .05.°
Results of the Scheffe test for each variible are displayed in
* Table TX. 7 o - | 7

The Scheffe test for gradé level differences on each of the four
_variables indicatéﬁ that the fourth grade was more hnxious toward

science on two variables (testing and direct application of Scientific -

principles) than the eighth grade._ No other grade ievel differences

-, -

level as sugg@%ted im the literature. - ) E

In conclusion; the MANOVA revealed that differences on sclence

anxiety did exist for grade levels. Therefore. hypothesis two was

© & -

. rejected. Further anélysis of each variabie using an ANOVA

demonstrated that grade level differences existed on all variables.

herefore, hypotheses two (a) through two (d} were rejected: ~ .
éuhsedueﬁtischeffe tests vere coﬁﬁuted to cdhpare Science-anxiEty

' means and to detejmine which grades ﬁaa:ﬁigﬁéf weans: The Scheffe ~
tests revealed that the fourth grade was . more anxious than the‘eighth .

grade for overall scieﬁce anxiety, and the fourth grade was more -

w
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anxious than the eighth grade on two variables, testing and direct

appiication of Scientific principles. ~

~.
~

Hypothesis three - Science Anxiety and Science Achievement

. For overall .science anxiety, as- .measured by the four factor .

; dimensions, there is no significant relationship between science

o anxiety and. science acﬁievement.

. . -

“ z’;:‘ rol !

. . . -
V' s,

and science achievement (national and local percentile scores) on the
CTBS. The correlation analysis revealed a significant relationship
between science anxiety and science achievement. Means, standard . N

" deviations, probability values, and cotrelation coefficients forﬁé

Lo

achievement are dispiayed in Table X.
. / "
Hypothes:s three was. rejected because the probability level was

3

- . dess than the type 1 error of 05. It was concluded that an inverSe

relationship~exist gd etween science anxiety means and science

)

a

achievement scores}}high leve1s of science anxiety correiated with low

science achievement: scqres._ . ‘\ o .
; R 3

FE,

When a significant relationshlp was found between science anxiety

and science achievement, an aﬁalysis of covariance (ANCOVA) was

oL,

percentile scores; This provided a closer examinatipn of sex andi T /;f/

8l -

- -
-« v e
-
e

grade level di ferences. S o ' R
; -

The anaiysis of covariance revealed differenceé for the

a-- y -




national percentile differences were significant for the factors,

performance in front of others.: However, the factors, direct

R . -
applicaticn of sciéntificgﬁriﬁciples,and generai application of

scientific principles, did not display differences.

Q

The analysis of covariance did reveal significant differences for

sex on all factors but one, the general appiication of scientific
Fid

s

ali four factors. Table XII displays results for sexes when means

were adjusted to national and local percentiles. it was conclﬁdéd

These results matched results for non-adjusted means;

Table illl displays P values for each variable by gfaaé level
when means were adjusted for achievement, and Tabte XIV displays the
adjusted science anxiety means for each grade ievel.

When science anxiety means were adjusted to national and local

qiipentiie ‘scores, more differences were observed on science anxiety
between grade levels. However, instead of increasing by grade ‘level
as indicated in the literature, anxie£§ generally decreased as grade

level increased. (See Figures 1-4 for a display of the increases in

anxiety on each variahle.j For three variables, testing, direct

application of scientific principles, and performance in front of

e géﬁégé, the fourth grade was foﬁnd to be the most anxious followed h?

the sixth, ninth, and eighth grades. For ome variable, general

appiication of scientific principles, aniiet§ decreased as grade level

increased Therefore, science anxiety generaliy deCreased as grade

]

. level increased, But on three out of four variables, the ninth grade_
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was more anxious than the eighth grade; and on all variables, the

fourth grade was the most anxious.

a

 Survey of Teachers

in addition to cooperating in this study by administering science

‘e

anxiety questionnaires, the twenty-four teachérs also cooperated by
filling out a short questionnaire. The short questionnaire asked two
things of the teachers: 1) to estimate the number of stﬁdenté in'.
their classes who did not take the ééiéﬁéé anxiety questionnaire that

they felt may be anxious about science, and 2) to rate their

o

Table XV displays results of the first question and Table XVI displays
results of the second question. “
,,77777 ,7777. - 5 g
Statistical analysis of the data collected for this study suggest
‘the following conclusions:
1) Feelings, particularly anxiety, toward science and

anxiety towsrd sclence exist with females being more anxious than
males: This is in accord with previously conducted research that

and general changes in attitudes about Sex-roles since the 1950's; one

wight speculate that féﬁéié étti_.i:ij’ciéé tb’ﬁéf’ci science have not changed
greatly. ? v C 3

2) Females ;E grade four already display more anxiety toward
s¢iéﬁce than do males. It ﬁﬁﬁi&; tﬁéréfbré; appear that thé :

sex—related differences started at an earlier age than that of
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students in fourth grade. Kohlberg (1966) suggested that sex-typed
behavior started in preschool; .and continued to be sﬁéped more
intensely during the elementary school years. He suggests that:
"Cognitive awareness of male and female behavior is éétaisiisﬁea by the
age of five..." (p. 412) C

3) For this study, science anxiisg did not' increase with grade
level: Contradictor® to previous research that suggested anx%gty
increased with grade or age %éﬁél; students at grade four were more
anxious about science than older students in grade eight. Therefore,
it would appear that grade level changes may be unclear. One might

conclude several reasons for the conflicting results of this study:

P2

One; the fourth grade E§§ have been more anxious merely because of
inexperience: ii>ﬁeﬁ§ schools; as in thé Bowling Green School
District; ﬁfiﬁé;§,£§é students do not always have their own science
textbook; and science is not necessarily taught on a daily basis: 1In
generai;-féuitﬁ grade seems to be the first grade level where science
is seriously taught as an "academic éﬁﬁjébt.“ This reéiizatidn at
fourth grade that science is a éﬁSjéct to be tékénréériﬁﬁéiy; may be
fpart of the reason the fourth grade was more;anxious toward science.
Second, another possibie reason that the fourth grade was iore anxious.
than the eighth grade on two variables (testing and direct application
6£ scientifié«ﬁfiﬁéiﬁiEES ﬁéy; again; be because 6f»inexperience;
Fourth grade; many times; is the first grade level vhere students take
ZéStSAiﬁ subject areas. Therefore; the science anxiety displayed. in

thls area may in reaiity just have been "test anxiety. It seems that

seriously begin doing'experiments in science. Thus, again, the

'

. »
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newness of the experience may bé the reason that the fourth gta&éts
were more anxious toward this area. |

Several reasons migﬁt also explain why the ninth grade was
generally more anxious §han the eighth grade. 63&;36i§ﬁtﬁ grade

7{ science in the Bowling Green School District is earth science; whereas

ninth grade science is physical écieﬁce; The literature has

repeatedly shown students to be more anxious toward physical science

. than other areas of science. Séebﬁd; the ninth grade is the(first

éf&&égﬁﬁéfe course credit counts toward high school gradnation. 6ﬁe(.
night speculate that this causes more concern about school subjects =
and possibly causes more anxiety.

4) Since only 30 per céﬁt'af fourth and sixth grade teachers

rated science as first choice when asked to- rate preferences. for

teaching five different subject areas while 100 ﬁé? cent of junior

high teachers rated sclence as their first choice; ome might speculate

that teachers' attitudes affect feelings toward science. This would
\ especially seem 56551516 when one eiéﬁiﬁes the'fact that the feﬁitﬁ
\ grade was shpwn to be more éﬁkibué than the,éigﬁéﬁ grade, -and fourth -0
grade teachers; geﬁetélly, did not enjoy teaching sciepce as much as
eigﬁth grade teachers.

'5) Significant aiéééféﬁcag ofi scierce achievement in relation to
science anxiety were seen with high levels of seience anxiety e
correlating with low science achievement_sceres. This would suggest
| that high leveis of sclence anxiety may limit one's ability to achieve.
| in ccience. Stated conversely, this might suggest that tow 5551§Véfs;-i

' in science; possibly with little hope of doing better; become anxious

|
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Recommendations for Future Research

lowering science achievement scores, and science anxiety seems to
affect females more than males. The implications of this conclusion
indicate that future research should focus o methods to alleviate
anxiety toward science and make science nore desirable. Decisions
.about science imnstruction should focus on making science’ interesting
and less sttéssfﬁi to students, especially female students. Research
should be repeated with other populations over longer and different

[
Gt

Since a discrepancy was. noted in this study in regard to age or
grade level differences, similar studies should-be repeated. Studies
should also be executed with other age groups.. /

Because of the difficulty mentioned previously in finding a
sultable instrument to measure science anxiety in students for grades
four ‘through nine, research should be performed to develop and refine
instruments for such a purpose:. -Research should also be repeated with
the questionnaire designed for this: study {see Appendix A) to better
determine the reliability of tﬁé;inéstiénnéiré; |

Another area of research would be to compare the effects of

classroom teachers' attitudes on students attitudes toward scilence.

Since a réiatiVéiy smaii proportién of éiéaéﬁtéry teaéﬁérs iiéij

noteworthy area to investigate:

o
i ——



29

A reiaéé& éféi»éf research would be to iﬁﬁéétigété the impact of
elementary teacher-training 5fag§aﬁs and in-service programs on
attitudes toward teaching science. Tt would be useful to conduct
studies aimed at iﬁﬁiéi;iﬁg teacher attitudes toward teaching science.

The ifterature ailuded to the complexities of the causes of
science aﬁiiéég;; Additional research should attempt to examine the  _
causes of science anxiety. Finally, Sééaﬁéé the caises of science -,
anxiety may be difficult to determine, and possibly even more
difficult to ééf—fééé; more programs should be instituted to deal with
-and a’éééﬁ{;é; to reduce science anxiety being ’ciiépiéyé’ci‘ijjy students. e

°

471

-
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Appendix A

The Science Anxiety Questionnaire
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QUEST IONNAIRE
GRADE_ FEMALEi MALE

elwiéd experiences. “For each statement.=place an X on the line under
th# column th&t best describes how you would feel in that situation.

EXAMPLE: Very Fairly Neutral A Little very. -
* ' ' o Calm Calm Nervous Nervous -
* Giving an 6?&1.566E report.: ' ~ X IR

you would p]ace an X,on "A Little Nervous": )

’ ) Very Fairly Neutral ° A Little  Very
: : Calm Calm Nervous Nervous
1. Starting science class: . , o :
2.. Having someone watch |
R you do an experiment. ] - )
4 3. Studyxng for a test in v

science. S

Z. Plahhiﬁg a well-balanced

o

5. Looking through thé
science book for your
class. ’ , .

|

6. Mixing boiling water and
ice to get water to reach
the right temperature for
an experiment. I

7. .Studying for a test _
about the earth. : s

—
8. Visiting a science ‘museum: . - o S

9. Being asked to explain a .
topic in science class. _ B

10. stng a thermometer: to : ‘ .
measure the temperature o -
of water in-an
experiment. K I : )

L

ek

11. Taking a science test. _ _ ' .

BEST cepv Awmsu

R—




N - :
L very Fairly Neutral A Little Very
L Calm Calm i . Nervous - Nervous
2. Measuring a cup of ot
sugar to make cookies.. = s
. "‘r\ ,
3. Being called on'in : 3 -
~ science class. : . - .
4. Showing a classmate , =,
the results of your ' ' )
-~ experiment. : o : S PR
5. Takmg a quiz in
science. - : I
6. Cooling down a hot sink . i .
of water to the right : _
temperature to be able ' i, °
to wash dishes. : : S
7. Asking the teacher a .
guestion in science . ’
class. - I o .
8. Weighing §gmeth1ng to : “ o "
use in an-experiment. - ] i s S
9. Membrlzxng the names - ) I N v
of parts of the body . - - a0 :
for a science test. ) B — ) K
0. Lighting a gnH for a ’
barbeque. : [ S~ A
’1. Doing a science home- | , ) - - ‘ _
work assignment. | [ I B .
i —_— —_—
: .
22, Figijrih’g out how to
connect a light bulb .
in an electrical _ , T
experiment. P . N .
73, Memorizing the names R
~of things in space for o
a science test. - ' A .
24. Following the steps to . ‘
build a model. . - ' .

BEST {!OPY A\IAMBLE °
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, : . Very Fairly  Neutral A Little  Very
¢ : ~ Calm Calm - Nervous Nervou!
25. Listening to the teachen _
© in science class. ) - — N
26. Addmg a small amount : s E ) N
- of powder to ‘a_liquid ~
‘in an expertment. .
e . e
27. Showing your parents : T
your last science test: .
28. Readmg a science P
~-magazine and hawving . - i
a friend ask you :
. about it. . T S . ~ t
- - ) o ,:'777 » . ) : ) .- L 4 €7>
29. Writing a report for s e . o
science class. , ‘ - "
_ -~ . : $
30. Following directions to 7 i s
do an experiment. - -
©31. Showmg your parents ¥ >
T your scienge ‘grade on’ °
your report ncard.
32. Focusmg a cameta to ,
take a picture of some « B
friends. ) | _ _ o
33« Having a classmate \ ‘ - )
listen to your science : -
report; i . : P
34. <Y¥ocusing a microscope. ,
35: Wmnking about a test : - : -
in science one day ) * : o ;
before you are to take :
it. .
36 Rep]acmg a dead bulb T D s -
_in a lamp: — .ot A
37. Reading a chapter in . . o '
your science book and . o : . . (.
~ being asked to . : . R o St
. explain it. ' .
_ . - i




38.

39.

0.

v

3
e ti

- - : - \

L] o
— A - -
r\- . PO
M .

o
AT

Very = Fairly Neutral® A Little  Very
Calm Calm ' _ Nervous Nervous

Blowing up a balloon o o -

to the right size for . o

a science experiment
on air. . .~

Thinking about a L R
écience test one hour -
before you. are to :
také itu . : I - . - i

Filling your bicycle
tire with ‘the right

amount of air. : \/ N - : —_— —_—

- a
o .
-
. v
a .
£ -
Q
5
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Appendix B

Tables and Figares




TABLE I

RELIABILITY SCORES OBT§I§EB ON THE SCIENCE ANXIETY QUESTIONNAIRE
USING CRONBACH'S COEFFICIENT ALPHA FORMULA ON THE ORIGINAL

FORTY-EIGHT “QUESTIONS AND THE FOR@Y QUESTIONS USED IN THIS STUDY

48 items . 0.952
48 items - male; grade 5 . 0.942
48 itens - female, grade 5 0,958 o
48 itens - male; grade 7 ? 0.943
48 items - female; grade 7 ‘ 0.946
W itens ; 0.939
40 items - male; grade 5 - 0.925 .
| 40 items - female; grade 5  0.942
40 items - male; grade 7 - ‘ 0.929
40 items ;'femaie;vgradg 7 | o 0.935
. TABLE II . )
FACTOR ANALYSIS
S , ‘ : Z of variation
: ' : S S  explained by
% of variation each factor by
B - explained by rotated factor:
Factor Eigenvalue : each factor - _ pattern
i '12.794355 29.13 S 12450
2 . soo722 .00 10:21,
3 S 1:611397. ¢ 4.53 N N
4 1:403125 | 4,23 7 609
s 0 L3us0s? 380 . 4:87
6 1060056 - 356 46l .




TABLE IIT :
MEANS AND CORRELATION COEFFICIENTS FOR EACH 'FACTOR
) : o Correlation
Factor o __ Mean Coefficient .

Testing S 2.883 ; .82
Direcﬁ:;jgpiication - o “::M

of Sctentifi;c Principles ' 1.857 .85
Geneggiigpplication . | . ' o :

of Scientific Principles 1.746 .79 :
Perfgg@gnce in Front o S L

of Others _ 2.663 ' © .87
" TOTAL 2,246 | 1.00

TABLE IV o A
MANOVA RESULIS FOR OVERALL SCIENCE ANXIETY
'BY SEX, GRADE, AND swxiemz
- o B : \ Significant
Factor F value af P value at .05 . .
‘ Lo R

Sex 25.71 4,540 . .0001 .

Grade . . 6.10. 12,1626 .0001 . %

Sex/grade .94 12,1626 .5085 )

i °




TABLE V
ANOVA RESULTS FOR EACH FACTOR BY SEX,
' GRADE LEVEL; AND SEX/GRADE
o e B o Significant
Factor - DF PR F F Value - . at .05

Testing . . .

- sex _ [ . 0
grade 3 o001

‘sex/grade 3 27050

-

.

o

o
-
—
’ — N
NN
W ! Wl

- MNOICY
~ P ON
10

Direct .
Application , : . P S
sex 1 7
~grade
“sex/grade

Wi W -
.
o
(=
Q
i
—
N
w
N

%) | B

General
Application
sex

grade
sex/grade

~

N

N
*|

(VORI N

Performsnce in . »
Front of Others

o
Q-
Q-
—
N
E- X
.
N
I~
% %

sex _ L
grade :
sex/grade

W LD e
5
(=)

(=
—
o
18
o

I

1‘“\ .'




‘TABLE VI

SCHEFFE RESULTS FOR OVERALL SCIENCE ANXIETY BY SEX-

= i i .

Sex ‘Mean .  Scheffe?
Female : 2.3788 ' E A
Male = 2.0894 B

For this test, if groups did exhibit significant differences,
they would have different letters. ) -

Y




TABLE VIl

RESULTS OF THE SCHEFFE TEST-FOR EACH VARIABLE BY SEX

~ Factor ' Means -  'Scheffe® .

T | o
female’ o © 3.1359 o A

male - 2,5850 ~ B

female . © 2.8166 A

male . ; 2;9818,: - B i

%For this test; if groups did exhibit significant differences,
" they would have different letters. ’ )




TABLE VIII
'RESULTS. OF THE SCHEFFE FOR OVERALL
SCIENCE ANXIETY BY GRADE LEVEL

. Grade S Difference Between : Significant
Comparisons : Means : " at .05

4th by 6th _ 41509
4th by 8th 1 .3990 | S
‘ 4th by 9th . .295%

6th by 4th - BN ~.1509
6th by 8th , L2481 :

6th by 9th. . : iléa.s ;

%

"8th by 4th 72,3990
8th by .6th g -.2481

Bt by 9th © -.103

oth by 4th | - 2.2954

oth by 6th o = dMS

9th by 8th ©.1036




TABLE IX

RESULTS OF ‘SCHEFFE TEST ON EACH VARIABLE BY GRADE LEVELS

Difference _ Difference _

Factor Between Means . Factor Between Means .

6th by 9th .2265 .6th by 9th .1315
8thl by 4th  =.5373% . Bth by 4th -:2385
8th by 6th s =o4904 8th by 6th m: 0379
8th by 9th . -.2638 8th by 9th , ;0936
5 Sth by 4ch . -:3321
5 9th by 6th o mel3b
38 9th by 8th T =.0936

4th by 6th . .2283 - Z4th by’ 6th

4 y 6¢h.2283 - L1024
4th by 8th . '.3991% = - &th by 8th -4262
" 4th by 9th *3828 - 4th by 9th o © o .s1764

6th by 4th ' =.2283 . 6th by 4th - 1024
6th by 8th L1709 -~ 6th by 8th - <3238
6th by 9th 41546 6th by 9th .0739.

8th by 4th =.3991% 8th by 4th . °  -.4262
8th by 6th o =.1709 8th by 6th -:3238
8th by 9th -.0163 . 8th by 9th - . =.2499
‘9¢ch by 4th -.3828 . 9th by 4¢h - -:1764
9th by 6th’ - =.1546 . .- 9th by 6th. $ =.0739
- 9th by 8th o .0163 - - - 9th by 8th Lo 2499
R Y T ‘ | — : :
4For this test, numerals witg\an-ésterisk are significant at alpha :05: .

\
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" CORRELATION AN

AL

/SIS FOR SCIENCE ACHIEVEMENT

Factor Mean std ‘dev

Probability® .

_Correlation

Coefficients

‘With Total

‘TOTAL

National

Percentiile

Local
Percentile

66.729

54.820

.64061698

'25,3771652

27.88427928

- —
-

©.0001*

.0001%

-.17238

-.1773L

8significance

14

at the .05 level is indicated with an asteiisk.
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e : TABLE XI

UNIVARIATE ANALYSIS OF COVARIANCE

]

o ] - Significant
Factor DF PRP>F F Value ~at .05

T . - ..

National Percentile
Local Percentile
Sex

Grade

Sex/grade

Direct Application
,,E s, l, ,il [‘ftc .
g g %E’E’E,%E’_l.g § -
National Percentile
Local .Percentile
Sex

Grade

Sex/grade

— &z —777—761—1.
,,E s,!l,,llfi: ) .

.0104  6.62
0001 44.77
.0001 13.93
.5974 0.63

(PO PO S T
L ]
(=]
(=]
(=]
—
| | | ¥

5.43
_1.49
28.62 '
14,99 e

2.17 :

L] L ) L]
OSSN

¥

WSO N NI

WO

\D (b=t s N3N
| *|

U W e e
L ]

Principles . : C L
National Percentile ’

Local Percentile
Sex )
Grade
Sex/gra%ﬁ

oINS

[0 e e
;.. L ] L ] [ )
N IQIWINIO !
SN IS
AN - N IOY N
o
L )
(=]
o

|

L

National Percentile
Local Percentile
Sex
Crade

. Sex/grade

[ e
L ] L ] ; .v L ]
—C IS
==l =N=
RSN O
00 [t Ut 1) (b |
) N
1O 100!
L ) L
»H O
=] .
% % %




; TABLE XII
- S

ANOVA RESULTS FOR SEX WHEN MEANS ARE ADJUSTED TO

NATIONAL AND LOCAL PERCENTILE SCORE

Factor Probability Level  Significant at .05

Testing = ' -

female . ,0001

%

Application

female . 0001 : &
male | o

General

Appiication - S i

female o .8214

,

/ |

" mate - .. . ., o
\\\ Performance in

N\

. Tront of Others ‘ ;
>\\ female : ~.0001

Naate o .- B f | . ; ‘ -

*

-



e ——e e . o

TABLE XIII

-

AhOVA RESULTS FOR GRADE LEVEL WHEN MEANS WERE _

ADJﬂSTED TO NATIONAL AND LOCAL PERCENTItE SCORES?

| TESTING MEAN S . B
‘Grade: 4 6 8 9
& . X . 4343 .0001%* _ s0175 .
6 4343 > S ~ .0001% .0915
8 _ .0001*  .0001%. ' X . 0046% .
9 < 0175 .0915 o 0046% X -
DIRECT APPLICATION ' o o .
MﬁN . B - ¢ B P L,
Grade: . & 6 - 8 ~ 9
4 > S © L .0017% .0001% ~.0001% -
6 .0017% X .0042% ©,0166 . -
8 .0001% .0042% . "X . . .9835 O~
9 .0001% .0164 9335 g e
GENERAL APPLICATION o o |
MEAN 3 . , =
Grade: © g 6 9
4 > S 0130 ./ +0001%
6 L0139 X :0296 - -
8 .0001% .1534 +3165 .
9 . .0001% .0296 . X .
PERFORMANCE
MEANS e
: é;é&é: 4 , o6 9
4 : X L2952 ‘.0701.
6 - .2952 x . . .3018
8 - i . QQQL* ; ;ngl* . : ;X 777777 - , . 0012*
9 ‘ .0701 | . .3918 7 L0012k X -
. - L v Lo
For this test, numeréiifith an asterisk are siéﬁificant at- .05 -
'5.. - i |
\ > ” ‘ - ‘ ‘“ ",




TABLE X1v

. LEAST SQUARES MEANS AND STANDARD ERROR FOR

ADJUSTED SCIENCE KNXIETY SCORES-

| ,,.,, J’ea“ Squates ' Scandard
Factor ns Eoror

. Te ! E ; . -

- 4th : v 3.16 . . .85
6th " 3.07 e ;08
8th L .. 2,53 S L 07
9tk : - 2.86 .09 -

‘Direct Application of
Scientific Principles

4t | 2.7 06
6th ° : : 1.91 .06
8th : 2 T 1.69 . - :05
9th g : ’ 1,70 - - +06

Scientific Principles

~4th - . T 1,96 : <05
6th . ST . 1.78 - 505
8th - ST 1.8 s :04
9th . e ;1,61 fe .58

. Performance in - : L :
Front of Others - A

ath e 2.89 B 07 .

6th - —_— 2.79 S 07

o 8th . . - 5 : 2.3 ' =06 | :
1 § ‘ 2.70 . ;08 v
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squares: Means - Generall Application oll Scientilic: Hrinciples:
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o

TEACHERS' PERCEPTIONS ABOUT NUMBER OF STUDENTS ANXIOUS

TOWARD SCIENCE WHO DID NOT TARE THE SCIENCE ANXIETY QUESTIONNAIRE °

Per cent felt by teacher
S to be anxious about
- " Number who did not : science (of those who
‘ take the science did not take the

Grade anxiety questionnaire questionnaire)

4th 129 ; 46.5%
6th - an ' “32.7%
8th 84 42.8%

9th 152 : 42.1%

—dn
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| TABLE XVI a8
TEACHERS' PREFERENCE FOR TEACHING SCIENCE IN RELATION
TO FOUR OTHER-SUBJECT AREAS

*

Grade the Teacher in comparison to mathematics,
-Teaches ; social studies, language arts,
- / " or reading. '

4th second
4th : first
4th third
4th : . third
4th ‘ - third
4th . third
4th . . second
4th . fourth
4th fourth
4th . fifth

6th third
6th : first
6th - fifth
6th __first
6th - “fourth
6th _third
6th o fourth
6th \ . fifth
6th , second
6th o fifth

8th : . - first
8th : - . first
9th © first
9th _ first




